INTRODUCTION
Periodontal disease and osteoporosis are multifactorial in their etiology and involve a large strata of the population in India and all over the world. Osteoporosis is a systemic skeletal disease characterized by low bone mass and microarchitectural deterioration of the bone scaffold that results in increased bone fragility and susceptibility to fractures. 1 In osteoporosis, the bone mineral density (BMD) is reduced, bone micro-architecture is disrupted and the amount and variety of non-collagenous proteins in bone is altered 2 while, periodontitis is an inflammation of the supporting tissues of the teeth, usually leading to loss of bone and periodontal ligament and is a major cause of tooth loss and edentulousness in adults 3 .Systemic loss of bone density in osteoporosis including that of the jaw may provide a host system that is increasingly susceptible to infectious destruction of periodontal tissues. 4 Loss of alveolar bone is a prominent feature of periodontal disease while severe osteoporosis could be suspected of being an aggravating factor in cases of excessive periodontal destruction. It has been hypothesized that the breakdown of periodontal tissue may, in part, be related to systemic conditions that also predispose the patient to osteoporosis/osteopenia. Osteoporosis: Classification: Osteoporosis means literally "porous bone", a condition, where there is "too little bone" to provide mechanical support. Osteoporosis was once thought to be a part of a natural aging process in women. Today, it is not considered to be age dependent or gender specific. 6 Osteoporosis is defined as a skeletal disorder characterized by compromised bone strength predisposing an individual to an increased risk of fractures. 7 Bone strength primarily reflects the integration of bone density and bone quality.Bone density is expressed as grams of mineral per unit area or volume, and in any given individual, is determined by peak bone mass and amount of bone loss.Bone quality refers to architecture, turnover, damage accumulations (e.g.microfractures) and mineralization.The standard deviation is determined by certain established criteria namely:T-score which is defined as the number of standard deviations above or below the average bone mineral density (BMD) value for young healthy white women and Z-score which is defined as the number of standard deviations above or below the average BMD for age and sex matched controls.
Following classification is based on standard deviation:
The various methods for assessing bone are as follows 9, 10 : Co-risk factors for osteoporosis and periodontal disease:Osteoporosis and periodontal disease share common risk factors. Prevalence of both osteoporosis and tooth loss increase with advancing age in women. Risk factors for osteoporosis can be divided into non-modifiable and modifiable risk factors. The non-modifiable risk factors for osteoporosis include gender, age, early menopause, small body frame, race and heredity while lack of calcium and vitamin D, lack of exercise, smoking and alcohol consumption are modifiable risk factors. In addition, there are other risk factors such as diabetes, diet and hormone levels that affect systemic bone level and may also affect periodontitis. 11 While the pathogenesis of osteoporosis and periodontitis differ, these diseases, are thought to share several common risk factors as depicted below. Severe osteoporosis: Bone mineral density (BMD) more than 2.5 standard deviations (SD) below the mean value of peak bone mass in young women and the presence of fractures. Osteoporosis: BMD more than 2.5 SD below the mean value of peak bone mass in young normal women. Low bone mass (osteopenia): BMD within -1 SD and -2.5 SD of the mean value of peak bone mass in young normal women. Normal: BMD not more than 1 SD below mean value of peak bone mass in young normal women. consumption as part of the life style modifications to prevent osteoporosis. 15 The beneficial effects of physical activity and weight bearing exercises have been well documented. [16] [17] [18] Chemotherapeutic agents for treatment of osteoporosis and oral bone loss: Several pharmacological agents are available to increase bone mineral density and therefore treat or prevent osteoporosis. They include Hormone Replacement Therapy (HRT), bisphosphonates, calcitonin, selective estrogen receptor modulators, parathyroid hormone or combination of these agents.There is sufficient evidence in the literature to demonstrate that depending on the drug and the patient population, treatment reduces the risk of vertebral fractures by 30-65% and non-vertebral fractures by 46-53%.
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Hormone Replacement Therapy (HRT):Rapid loss of bone density is observed because of estrogen deficiency in the early post-menopausal years. The rationale for HRT is to delay this bone loss. Estrogen therapy can inhibit osteoclast formation and function and can also extend the lifespan of osteoblasts and osteocytes. 20 In a randomized clinical trial, as part of the women's health initiative trial, women were randomly assigned to receive conjugated estrogens, with or without a progestin and the reduction in hip fractures was reported to be 33%. HRT increased total hip bone density and reduced the risk of fractures at the hip, vertebrae and wrist. 21 Also, discontinuation of estrogen results in measurable bone loss, although it is not certain whether discontinuation results in a greater fracture risk than continuation. 22 Recently, concern has been raised about the non-skeletal risks associated with long term use of estrogen. Evidence of an increased risk of breast cancer and of cardiovascular outcomes during the course of the estrogen plus progestin trial of the women's health initiative prompted early termination of this trial in 2002. 21 This has led to a re-evaluation of the role of HRT in the treatment and prevention of osteoporosis. HRT should not be recommended for prevention of osteoporosis in post-menopausal women, unless they are found to be at a significant risk for osteoporosis, and other osteoporosis medications are unable to be considered. 23 It is, therefore, important that women discontinuing HRT receive appropriate screening for their risk for complications of osteoporosis and should be counselled regarding the alternative forms of therapy to prevent fractures. 24 Selective estrogen receptor modulators: Selective estrogen receptor modulators were developed to provide the benefits of estrogen therapy without its unwanted side effects. Their mechanism of action such as that of raloxifene is similar to that of the estrogens. 25 Reduction in fractures was observed in the first year of treatment but no effect was found on the risk of non-vertebral fractures. Adverse effects included hot flashes and cramps. Similar to estrogen therapy, an increase in the incidence of deep vein thrombosis was also observed with these agents. 26 New selective estrogen-receptor modulators are being researched and may be available in the near future.
Bisphosphonates:Bisphosphonates are analogues of pyrophosphonates and bind selectively to bone mineral. During bone resorption, they are taken-up by the osteoclasts, resulting in osteoclast deactivation and apoptosis. Bone resorption is suppressed followed by a secondary mineralization Bisphosphonates are often considered the first-line therapy for the treatment of post-menopausal osteoporosis. They are the most widely prescribed anti-resorptive agents. Randomized trials of alendronate and risedronate, two second generation bisphosphonates demonstrated increased bone mineral density in postmenopausal women with osteopenia or osteoporosis. In women with osteoporosis, a reduction in the incidence of hip, vertebral and non-vertebral fractures of nearly 50% was found. This effect was noted early in therapy. [28] [29] [30] [31] However, the occurrence of osteonecrosis of the jaws with the use of intravenous bisphosphonates is of concern to the dental community. After initial observations by Wang at the University of California,osteonecrosis of the jaws is seen to occur more commonly in the mandible but has also been reported in the maxilla, and appears to be highly associated with periodontitis, other oral infections, and extraction of the affected teeth in majority of the reported cases. 32 In addition, the signs and symptoms that may occur before the appearance of clinically evident osteonecrosis include changes in the health of the periodontal tissues, non-healing mucosal ulcers,and unexplained soft tissue infections. The role of oral bisphosphonates in osteonecrosis of the jaws, therefore, needs to be further evaluated.
Calcitonin:
Calcitonin is an inhibitor of osteoclast activity. Both nasal and subcutaneous calcitonin are available for treatment of post-menopausal osteoporosis. Treatment of women with osteoporosis with nasal calcitonin has been shown to reduce the incidence of vertebral fractures by 33% when compared to placebo in a randomized controlled trial. 33 Osteoporosis and oral bone loss: Periodontitis, a major cause of tooth loss, is clinically determined by radiographic bone loss and/or clinical attachment loss (CAL). Although bacterial plaque is the primary cause of periodontitis, host susceptibility or responsiveness is believed to play a major role in the initiation and progression of tissue destruction. Both osteoporosis and periodontitis are bone-resorptive, host-dependent, multifactorial diseases, and the bone loss in both diseases is exaggerated, either systemically or locally, by the activity of cytokines (e.g., IL-1 and IL-6). In 1973, the association between periodontal disease and osteoporosis was studied. Metacarpal bone index was used for grading the degree of osteoporosis. Periodontal parameters measured were gingival and periodontal index which were carried-out in 113 patients with a mean age of 35 years. This study concluded that people with lower metacarpal indices had more severe periodontal disease than those with higher metacarpal index. 34 Another case control study carried-out with 12 osteoporotic women and 14 in the control group with both groups having dentulous patients determined the BMD with dual photon scanner of two forearms and the mandible. Plaque, bleeding scores and loss of attachment were measured. It was found that greater loss of attachment occurred in osteoporotic women. 35 Advanced periodontal disease was measured using Community periodontal index of treatment needs and bone support was calculated on panoramic radiographs as bone support both mesially and distally as the length of root with normal width of periodontal ligament space and divided by total length of root from cemento-enamel junction to the apex of root. Bone mineral density of femoral neck and lumbar spine was assessed using dualenergy X-ray absorptiometry. The BMD of mandibular cortex was measured both labially and lingually between the mental foramens using quantitative computed tomography (QCT). This study came to an important conclusion that even if initiation of periodontal disease is not dependent on the general mineral status of the body, individuals who have high mineral values in the skeleton seem to retain their teeth with deep periodontal pockets easier than those with osteoporosis. 36 Another case control study investigated the strength of association between periodontal disease and spinal bone density. Assessment of periodontal disease was done by assessing the pocket depth, gingival recession, gingival index, plaque index and periodontal attachment levels. Spinal bone mineral density was measured by DEXA .There was significantly greater level of attachment loss found in osteoporotic group compared to controls. The conclusion of the study was that osteoporosis may contribute to periodontal attachment loss, though pocket depths were not deeper and osteoporotic subjects had greater gingival recession compared to controls. 37 A three year old longitudinal study was undertaken to assess the relation of postmenopausal bone loss after menopause to periodontal attachment apparatus, and if estrogen therapy mitigates both post-menopausal bone loss and loss of attachment apparatus. Clinical measures of body size, body mass index, and smoking history in terms of pack years, menopausal history including age at menarche, menstrual irregularities, years of use of birth control medications and years since menopause were assessed. Oral findings including attachment loss, number of teeth present, probing depth and recession was recorded for the whole mouth. Bone mineral density (vertebral and proximal femur) was measured using dual energy X-ray absorptiometry. The study summarized that post-menopausal age and smoking were relevant factors contributing to loss of periodontal attachment. 38 Study of estrogen status has assumed a major part in association with osteoporosis since estrogen levels are lower in post-menopausal women in whom the incidence of osteoporosis is higher. A case control, prospective, longitudinal study was carried-out on 70 post-menopausal women. Here, women were divided into estrogen deficient and estrogen sufficient groups after assessing serum 17-ß estradiol levels. DEXA was used to measure BMD in periodontitis patients. Periodontal measures recorded were 4 posterior interproximal sites in periodontitis patients and in non-periodontitis patients' plaque index, bleeding index, probing depth and relative clinical attachment levels. It was concluded that estrogen supplementation may lower gingival inflammation and rate of clinical attachment loss in osteopenic/osteoporotic population. 39 Weyant et al studied a cross-section of a large sample of osteoporotic women in the postmenopausal age. The average age of participants was 70.7 years and BMD was measured using single photon absorptiometry at the hip, spine, radius and calcaneus regions. The oral variables assessed were missing teeth, bleeding index, calculus indexand periodontal assesment consisting of probing pocket depth and loss of clinical attachment. This study found no association between systemic osteopenia and increased risk for periodontal disease. 40 Effect of estrogen replacement therapy was studied as a modifier of association of periodontal disease and BMD in addition to studying the association between skeletal BMD and periodontal disease. The participants consisted of both edentulous and dentate individuals. Periodontal examination included probing depth, clinical attachment level, calculus and bleeding index. DEXA scan was used to assess BMD of proximal femur. The study indicated, in the presence of high levels of calculus, individuals with osteoporosis and to a lesser extent those with osteopenia, present significantly more attachment loss than individuals with normal BMD. The negative (i.e. protective) association between reported use of estrogen replacement therapy and periodontal disease also suggests that estrogen supplementation may decrease the risk of periodontal disease in women. 41 The association of systemic bone loss with alveolar bone loss and periodontal disease was assessed in yet another cross-sectional study on Caucasian women in the post-menopausal age. Here, DEXA scan was the method of assessing bone mineral density of lumbar spine and femur. Complete head and neck examination along with the intra-oral periodontal parameters of plaque, calculus, bleeding and clinical attachment loss was carried-out. Alveolar bone loss was assessed using the method of Hausmann`susing both bite-wing and peri-apical radiographs. Smoking history in terms of pack years was an additional parameter which was taken into account. The results of the study suggested that systemic bone loss is related to alveolar bone loss, and to a lesser extent to clinical attachment loss .The relation of alveolar bone loss suggests that osteoporosis may play an indirect role on periodontal disease. 42 A deviation from the normal was a study to assess whether mandibular and skeletal bone mineral content or density are related and the bone differed from normal values in a set of young patients. The markers for bone resorption i.e. alkaline phosphatase, pyridinoline, deoxypyridinoline were measured. Normal periodontal parameters with alveolar bone loss were examined. This study concluded that severe periodontitis in young adults is a local disorder associated with a relatively low BMC in jaws without systemic alterations of BMD and bone metabolism. 43 The prevalence of osteopenia/osteoporosis as defined by self report was studied in an ethnically diverse population. Additionally the extent of relation of cortical bone changes on panoramic radiographs to this report and finally, the association of osteoporosis with periodontitis was evaluated. The inference of the study was that prevalence of signs of osteoporosis using mandibular cortical index on panoramic radiographs is high though it is low with the self reported history.There was a clear association of osteoporosis with periodontitis. 44 Healthy postmenopausal women were recruited for studying relation between BMD of lumbar spine, proximal femur and periodontal attachment level. Periodontal findings of probing depth and recession were noted. DEXA was used for BMD of skeletal bones. There was a very weak correlation at the end of 3 years between BMD of skeleton and clinical attachment level. 45 A longitudinal study was conducted on a community of older individuals to evaluate the relation between systemic BMD and periodontal disease. BMD was measured using an ultrasound densitometer of the heel. The study concluded that a significant association existed between periodontal disease and general BMD. 46 Osteoporotic and normal subjects were compared with respect to periodontitis in a group of 50 subjects. In addition to plaque index, calculus index, periodontal index, gingival index, bleeding index, even concremente index was taken. Osteoporosis was diagnosed based on absolute and T-scores and most of the subjects included were post-menopausal females. It was concluded that osteoporotic people have higher incidence of tooth loss. The clinical parameters were however not found to be significantly different in between the groups. 47 In summary, although the causality between systemic bone loss and oral bone loss has not been determined, the evidence demonstrates a plausible association between the two disease entities. Study results imply that individuals with either systemic or oral bone loss should be closely managed with a clinical protocol that minimizes further deterioration of systemic or oral bony structures. Additional randomized, controlled clinical trials are needed to clarify the causality and/or association between systemic and oral bone loss.
Mechanism
of association between osteoporosis and periodontitis:Mechanisms by which osteoporosis or systemic bone loss may be associated with periodontal attachment loss, loss of alveolar bone height and tooth loss continue to be explored.First, low bone mineral density in the oral bone may be associated with low systemic bone. This low bone density or loss of bone mineral density may lead to a rapid resorption of alveolar bone along with periodontal disease caused by periodontal bacteria as it intensifies the bone loss.Second, systemic factors affecting bone remodeling may also modify local tissue response to periodontal infections. Individuals with systemic bone loss are known to have increased systemic production of cytokines (i.e. interleukin-1 and interleukin-6) that may have an effect on bone throughout the body, including the bones of oral cavity. Periodontal infection has been shown to increase the local cytokine production that, in turn, increases local osteoclast activity resulting in increased bone resorption.Third, genetic factors that predispose a person to systemic bone loss also influence or predispose a person to periodontal destruction.Lastly, certain lifestyle factors such as cigarette smoking and suboptimal calcium intake, amongst others, may put individuals at risk for development of both osteopenia and periodontal disease. 42 It has been hypothesized that osteoporosis may cause decreased alveolar bone density, which in turn, may be more susceptible to resorption by the effect of co-existing or subsequent periodontal infection and inflammation. 48 Implications for treatment of patients with osteoporosis and periodontitis: Medications and strategies in current use for osteoporosis prevention and treatment include bisphosphonates, selective estrogen receptor modulators (SERMs), calcitonin, hormone replacement therapy (HRT) and nutritional supplementsof calcium andvitamin D.
Anti-resorptive medications: These groups of medications act on resorption phase without affecting the formation in osteoporosis. The bisphoshonates have been shown to prevent alveolar resorption and preserve mandibular bone mass in animals, but their exact role has not been clearly established in human studies.Also, the retention of teeth has been reported to be higher in patients on HRT. 41 Effects of dietary calcium and vitamin D have been widely studied. Nishida et al surveyed the dietary intake of calcium and periodontal examination on 12,000 adults. It was found that there was inverse association between dietary calcium intake and level of periodontal disease, controlling for smoking and age .The prevalence of periodontal disease was 30% to 60% higher, depending on gender, in individuals with calcium intake below 800 mgs compared to those with calcium intake above 88 mgs. While this data supports a link between low dietary calcium and higher prevalence of periodontal disease, limitations of the study included the lack of information on the contribution of calcium supplements to total calcium intake and the crosssectional design. 49 Again, a study by Richard A etal concluded that estrogen supplementation may lower gingival inflammation and rate of clinical attachment loss in osteopenic/osteoporotic population. 39 Future research: Currently marketed osteoporosis therapies including bisphosphonates and selective estrogen modulators are efficacious but inconvenient for the patients because of the need for frequent administration and the risk of adverse effects. The active immunization strategy against TRANCE/RANKL using C-TRANCE-VLPs may offer a safe, efficient and cost-effective new therapeutic option for the treatment of osteoporosis.
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CONCLUSION
The effects of osteoporosis on both systemic health and oral health need to be well understood. As a health care provider, the dentist could serve as a pre-screener of patients with the potential for osteopenia or osteoporosis. Familiarity with the risk factors could help identify these individuals and aid in an earlier diagnosis and immediate treatment required.
